Lessons Learned from Exposure to Building Materials  by Isnin, Zarina et al.
 Procedia - Social and Behavioral Sciences  85 ( 2013 )  128 – 138 
1877-0428 © 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.
Selection and peer-review under responsibility of Centre for Environment-Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, 
Universiti Teknologi MARA, Malaysia
doi: 10.1016/j.sbspro.2013.08.345 
AcE-Bs 2013 Hanoi 
ASEAN Conference on Environment-Behaviour Studies  
Hanoi Architectural University, Hanoi, Vietnam, 18-21 March 2013  
"Cultural Sustainability in the Built and Natural Environment"  
Lessons Learned From Exposure to Building Materials 
Zarina Isnin, Sabarinah Sh Ahmad*, Zaharah Yahya  
Faculty of Architecture, Planning and Surveying, Universiti Teknologi MARA, Shah Alam 40450, Malaysia 
Abstract 
Published studies demonstrated evidences of harmful emissions and substances from selected building materials that 
contributed to dust, poor air quality, respiratory problems and several chronic diseases. Stakeholders in confined 
spaces face high risk exposures. This study aims to address the concerns of building materials on human health and 
the environment. The paper reviews the effects on lessons to be learned from the effects of building materials. It 
discusses on the available hazard information based on required classification on materials.  The paper concludes on 
the needs for availability, accessibility and understandable information on building materials.  
© 2013 Published by Elsevier Ltd. Selection and peer-review under responsibility of the Centre for Environment-
Behaviour Studies (cE-Bs), Faculty of Architecture, Planning & Surveying, Universiti Teknologi MARA, Malaysia. 
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1. Introduction 
Building materials are essential for the development of a country. Since the Industrial Revolution in 
the early nineteenth century, the creation of building materials has created more building construction 
activities that improve the economic growth and employment. There are thousands of synthetic building 
materials invented and manufactured worldwide. They come in different shapes, sizes and quantities 
serving different forms and functions.  
Some of these manmade substances have been found to cause adverse effects to human health. 
According to Pacheco-Torgal and Jalali (2011), large amount of building materials were identified to 
contain some form of toxicity. They further state that these materials may be hazardous and toxic to the 
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environment during the production stage or through indoor air pollution. The toxic contents can be found 
in common building products such as in solvents, paints and varnishes or from construction material 
dusts. In cases of fires, some materials may also release toxic fumes and are capable of poisoning 
drinkable water if they leached through the ground. There were also evidences that there is an increase in 
the cases of toxicity in building materials in the last decades, due to the reuse of industrial by-products 
and wastes. Many of these synthetic materials enter the body through inhalation, skin contacts or 
digestion. Some of these materials may not be seen or smelled but they are capable of causing harm. They 
may emit low-level toxic exposure or produce carcinogenic substances that can cause cancer. The effects 
can cause short-term effects such as skin allergies or long-lasting health effects that can cause death.  
This study aims to address the concerns on the effects of building materials on human health and the 
environment. The first objective reviews on the hazard communication programs available. The second 
objective identifies relevant information on selected building materials in learning spaces. Discussions are 
made on the types of information available with several recommendations. The paper concludes on the 
needs for availability of information system on building materials to avoid exposure to hazardous and 
toxic building materials. 
2. A global concern 
There is a global concern and awareness on the issues of building material usage that produces 
hazardous pollutants. The present society has also been concerned for the social and environmental 
impact (Becker et al., 2011). The indoor air could be more polluted than the outdoor air (Annesi-Maesano 
et al., 2012). Most people spend more than 80% of their time indoors either at work or home. Thus, the 
risks to health may be greater due to exposure to air pollution indoors than outdoors.  
Several government bodies have posed new legal requirements to ensure the availability of hazardous 
and toxic building materials information. Consumers are becoming more aware and began to take interest 
to acquire more knowledge on the safety of building products and the availability of similar substitution. 
There were also pressures to ensure the availability of instructions for proper use and information on 
impacts associated with usage of the products. Construction workers at building adaptation projects often 
face risk of not knowing the contents of the existing building materials that need to be demolished or 
dismantled. Most times, relevant documentation such as as-built drawings and building material 
specifications were unavailable or inaccurate (Ali, 2010). These documents are important to determine the 
existence of any potential toxic and hazardous building materials such as asbestos, lead, polyvinyl 
chloride (PVC), polychlorinated biphenyls (PCBs) and others. Early detection and prior knowledge of the 
risk may allow the construction stakeholders to carry out proper mitigation planning to avoid exposure 
during the work. 
3. Methodology 
The study reviews primary and secondary sources to obtain information on the effects of building 
materials exposure and the available information tools on building materials. Literature references were 
based from national and international legal and enforcement perspectives on hazardous building materials 
and requirements for product labelling. 
For this study, a conceptual model was developed to assist the understanding on available building 
material information. This information model focuses on the initial effort to assist the building adaptation 
construction stakeholders, and to obtain baseline information on building material used and the possible 
risk. The samples for the study were building finishes for selected learning spaces in Klang Valley higher 
educational institutions in Malaysia. The data concentrated on the internal wall paints and gypsum ceiling 
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boards for existing and new finishes for classrooms. The data was then grouped into themes appropriate 
for classification of building materials information. The research examines information based on (i) the 
type of space (eg. Classroom), (ii) building components (eg. Wall), (iii) the specific building material 
name (eg. Internal Paint - Emulsion), (iv) technical specifications, (v) hazard classifications, (vi) health 
effects, (vii) safety measurement, and (viii) other information. Based on the specific building material, 
references will be made to the ingredients and specifications using Material Safety Data Sheets (MSDS), 
product labels, brochures and website information. 
The acquired data were cross-checked with several other official sources of international standards to 
ensure that the data is valid and to have complete confidence over the study. The data collected were also 
of the latest versions to ensure reliable findings. However, some of the information on materials was not 
available, thus generalisation based on the installed building materials and the appropriate specifications 
were obtained from visual survey and material manufacturers. Incomplete information on the existing 
building materials limits the accuracy to generate results for this study. The following Figure 1 describes 
the classification of building material information. 
 
Building Materials Technical Contents Material Property
Work Process
Physical Characteristics
Identification of Substances
Determination of Hazardous 
Substances
Health Effects
Safety Control and Protection
Handling, storage and disposal 
considerations
Standards & Regulatory Information
Other information
Type of 
Information
 
Fig. 1. Classification of building materials information 
4. Lessons to be learned 
Studies were made on emission of pollutions from building materials and the associated activities, but 
Yashiro (2011) propounded on the reliability of existing data and reports as most of the reports used 
different assumptions and methodologies that caused entangled and ineffective actions. Architects, 
engineers and designers were also accused of having limited knowledge on the contents and effects of 
building materials to health and the environment (Pacheco-Torgal and Jalali, 2013). Furthermore, little 
research has been conducted on whether health and environmental concerns are the criteria used for 
choosing the materials. It is vital to focus on helping the stakeholders involved in building construction 
activities and users to avoid becoming victims in the first place. There is a vital need to reduce the impact 
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of adverse incidents when they occur. All the stakeholders have the “rights-to-know” on the risks and 
precautions dealing with building materials. Thus, the required information on toxic and hazardous 
contents from building materials should be available, accessible and easily understood. 
Based from the literature reviews and findings for building materials, several key lessons are 
highlighted as follows. 
4.1. Lesson no. 1 - Effects of exposure to building materials to health and the environment 
The building construction industry consumes numerous natural resources and copious man-made 
synthetic materials that could emit dangerous toxic pollutions through “off-gassing”. Some materials were 
found to release to high levels of pollutant concentrations continuously. In building adaptation projects, 
workers are the main victims. They are often working in confined indoor spaces with working areas that 
have lesser openings.  
The pollutant concentrations from these activities can remain high for long periods, depending on the 
amount of ventilation and whether there are surfaces in the building that will absorb and re-emit these 
pollutants. Activities that produce dusts, fumes and debris may cause increase in pollutant concentrations 
that will decline once the activities stop. The working activities involve dismantling of the existing 
drywall and other fixtures, scrapping the existing paint finishes and may include partial demolition to 
accommodate any portions of structural alterations of the existing building. Other activities may involve 
chipping off the existing floor space, grinding and drilling materials or removal of contaminated debris 
that release a range of particles.  
According to the International Standardization Organization (ISO 4225:1994), dust can be defined as 
all particulate matter up to 75μm in diameter that comprises both suspended and deposited dust. Some 
materials may be smaller particles of less than 10 μm or even finer particles of less than 2.5 μm known as 
PM10. They may be formed in the atmosphere through the chemical reaction of primary emissions of 
gasses.  
The types, sizes and compositions of particulate matters vary depending on the location and time. 
Bigger dust particles may cause eyes, nose and throat irritations and lead to deposition in the working 
space. The production of finer particles in PM10 is of more concern to human health as they will cause 
long-term effects such as cardiovascular problems and respiratory difficulties. These particles may also 
carry the lethal carcinogenic compounds into the lungs. 
Installation of new materials and finishing may also produce fumes, formaldehyde, volatile organic 
compounds (VOCs) and semi volatile organic compounds (SVOCs). They may be found in paints, 
furniture, wall paper and other furnishings. There will be less fresh outdoor air to dilute the emissions and 
fewer chances of carrying out the polluted indoor air out of the construction site. High temperature and 
humidity levels can also increase the concentrations of some pollutants.  
There are established researches on asbestos, lead, arsenic or mercury, but more studies are required 
for the potential toxic and hazardous effects of other building materials on health and the environment 
especially in developing countries (Du Plessis, 2002; Isnin, Ahmad and Yahya, 2012). These countries 
are facing threats from importing hazardous recycled materials and some are major producers of the lethal 
materials such as asbestos.  
More new building materials are produced, manufactured and utilised in new projects. The effects of 
these new products to health and the environment will not be known until the results from research are 
published, which will take time and investments. Thus, information on the classification of the chemical 
should be available in order for laymen to understand the possible risks of using newer materials that may 
contain hazardous substances. 
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4.2. Lesson no. 2: Available information on building materials content 
There are several identified information that could be used to ensure that users are informed on the 
content, risks and safety measures from the building materials used. The information format varies 
depending on the test standards, assessment criteria, level of hazards and toxicity, certification, and 
product labelling. The requirement is in line with a statement in the Hazard Communication, 
Occupational Safety and Health Act (OSHA), “...hazards of all chemicals produced or imported are 
classified, and that information concerning the classified hazards is transmitted to employers and 
employees by means of comprehensive hazard communication programs.” Sometimes, the information 
may also include container labelling and other forms of warning, safety data sheets and employee 
training. Some of the common references for information on building products are such as: 
i. Product Labels  
Labelling consisted of basic product information such as the key ingredients, quantity, quality, name 
and address of responsible manufacturer, dealer or importer, durability of product, instructions for 
use/care and country of origin. The information is obtained from the building material providers such as 
manufacturers or suppliers. There are varieties of formats and sizes for labels as they are forms of 
advertisement to promote the products (Figure 2). Sometimes, there are information and warnings on 
health and safe handling and storage instructions. Some have bar codes and symbols to indicate the size, 
positioning and quality of the product. Other information such as batch number, date manufactured, 
temperature requirements and others are optional. The information provided should comply with the 
relevant Trade Practice Act’s labelling laws.  
The different labelling objectives depend on the manufacturer’s aim at producing the product. The 
information could provide insight into the possible composition of the substances and probable emissions 
that can help to determine the potential effects to the operator and consumer. The information must not be 
erroneous or misleading.  Based from the studies, product labelling and some of the information can 
sometimes be confusing and difficult to understand. It is necessary that the information should be 
understood by laymen, instead of using scientific descriptions written in smaller prints which made it 
difficult to read (Isnin, Ahmad and Yahya, 2012).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Sample of building material product labels – Type A, B and C 
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ii. Material Safety Data Sheets (MSDS) 
This is a technical document that contains information on the chemical ingredients, hazard 
classifications, and safety precautions on handling, health, fire, reactivity, environmental, transportation 
and legislations (Figure 3). The information is intended for workers who may be exposed to any forms of 
hazard and toxic substances or chemical usage at work. It is prepared according to the Occupational 
Safety and Health (Classification, Packaging and Labelling of Hazardous Chemicals) Regulations 1997 
under the Regulation 9. Manufacturer or producer is responsible to update the MSDS if there is new 
information on a particular hazardous chemical used. It is commonly used for the industrial chemicals, 
pharmaceuticals, pesticides, consumer products, transport and waste substances but less on building 
material products. More information on building material contents could assist builders, designers, 
building certifiers and other stakeholders on the toxicity and effects to health and the environment. The 
formatting of MSDS varies whilst some crucial information on the contents may not be released due to 
trade confidentiality. Many factors were also found to be conflicting and some were copied information 
from other products' descriptions (Supoh 2005). 
iii. Globally Harmonised System (GHS) 
The GHS provided comprehensive standardised approach to define and classify hazards through 
consistent world-wide hazard communication system (Figure 4). It underwent substantial changes to the 
existing non-standardised MSDS to establish agreed uniform hazard explanatory as per recommendations 
by both the United Nations (UN) and the Asia Pacific Economic Conference (APEC) (Wilt et.al., 2011). 
The basic goal of GHS was to ensure that employers, employees and the public are provided with 
adequate, practical, reliable and comprehensible information on the hazards of chemicals and substances 
to protect health and safety. Signal words and pictograms are used to communicate the level of hazard on 
the label and the MSDS.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. Samples of material safety data sheet (MSDS) for different types of paints 
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Fig. 4. Globally Harmonised System (GHS) 
Source: Yeung (2012) 
iv. Other sources of information 
Information on hazard and toxicity of material substances can also be obtained from related reference 
books, building material journals, construction publications and from various databases on the Internet. 
However, one should also be cautioned on the validity and reliability of the information. The industry 
professionals can be considered experts in the trade as they obtain information based from their 
professional practices and also experiences. They have significant influence on what products are to be 
used in the building projects. More designers and clients are choosing products that are described as 
“environmentally friendly” products that are safer for people and the environment. Some have also 
advocated the usage of industrial wastes as substitutes for natural products in their projects.  
Studies indicated that some of these recycled materials were contaminated and could raise the potential 
health risks. More information is required on the effects of recycling materials to health and the 
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environment. There is also limited information on the contents of various indoor building components. 
Building inspection survey should also be carried out to identify the probable hazardous and toxicity 
contents of building materials. Prior knowledge on any risks could assist in proper planning for safety 
measures. There were previously safe declared materials that were revealed to be very toxic afterwards. 
There is also little research to evaluate whether health and the environmental concerns are the criteria for 
choosing building materials and related products. 
4.3. Lesson no. 3: Available classifications of hazards on material substances 
Building material properties comprised of chemical and physical substances. Chemical substances 
describe the elemental content and composition, whilst physical substances are explaining on the form 
and structure of the building materials. Hazardous classification is used to indicate that only the intrinsic 
hazardous properties of chemicals are used. Based from the draft ASEAN guidelines on chemical 
classification, labelling and safety data sheet, the classification of hazardous incorporates three steps: 
i. Identification of relevant data regarding the hazards of the chemical; 
ii. Subsequent review of those data to ascertain the hazards associated with the chemical; 
iii. Determination of whether the chemicals will be classified as hazardous and the degree of hazard. 
The criteria to interpret and classify the hazard classes depend on semi-quantitative or qualitative 
expert judgement. Any standardised test conducted according to recognised scientific principles can be 
used to determine the health hazards.  
Materials can be classified further as hazardous materials if they have one of the four properties such 
as: (i) ignitability, (ii) corrosivity, (iii) reactivity, and (iv) toxicity. In addition, materials can also be 
described as hazardous if they are mixed with, or contaminated with, or are derived from, substances that 
are hazardous.  Hazardous building materials can further be classified into nature of hazard such as (i) 
toxic; (ii) harmful, (iii) corrosive, (iv) irritant; (v) sensitiser (may cause allergic to skin or respiratory 
reaction); (vi) carcinogenic (may cause cancer); (vii) mutagenic (may cause mutations/ genetic change); 
(viii) teratogenic (may cause birth defects); or (vix) other types of hazard. Several building materials have 
been listed by the International Agency for Research on Cancer (IARC Group) as carcinogenic or 
probable or possible carcinogenic to human. Some materials such as asbestos, lead and PCB have already 
been banned in some countries, but are still commonly used in others. 
4.4. Lesson No. 4: Pattern of research in the effects of hazardous and toxic building materials to health 
According to Ramachandran and Ashton (1986), studies on the building material contaminants and the 
health effects should receive more attention. After more than 27 years later, there is still insignificant 
progress to evaluate the effects of building materials on health. Since the emergence of the green and 
sustainability building industry, some literature mentioned on the increasing awareness of issues related 
to building construction. What about the issues on building materials? 
Research and knowledge management on hazardous and toxic building materials are critical to 
understand the risk and safety and the overall effects to mankind. Research could generate crucial 
information and evidence, whilst knowledge management ensures that the right information is available at 
the right time for the right purpose and for the right people. The results of each research could then be 
shared and communicated to the stakeholders and the public. The information is essential for accurate and 
reliable assessment that could also influence policy-makers to improve health, safety and the environment 
conditions. Unfortunately, many of the current standards for building construction projects do not 
adequately consider effects of building materials to health and the environment. 
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5. Findings and discussion  
Based from the evaluation of selected building materials in higher educational institutions, detailed 
data and documents on the material and finishes installed were not completely available. References were 
made on types of internal paints commonly used on the internal wall and other surfaces at the institution. 
It was found that the client only has the paint catalogues to choose the colour samples.  
Technical information was usually requested for installation detailing but seldom on detailed chemical 
contents or MSDS. The study further examined safety data sheets for ten types of paints obtained from 
the suppliers or the respective websites. It was found that (i) some of the products that were produced in 
Malaysia do not have MSDS available on the internet but they could be furnished upon request, (ii) the 
same products in other countries have MSDS available online, and (iii) the formats for technical 
information and safety data sheets vary depending on their objectives of relaying the required 
information. 
Assessments were also made on the types of ceiling regularly installed in the institutions. Most 
products do not have technical or MSDS but only product labels. A search was then made on five MSDS 
from different manufacturers and different countries. There were different hazard identifications on the 
contents, descriptions of hazard ratings including dissimilar clarifications on the “Emergency” overview. 
The main ingredient for the product is known as calcium sulphate or calcium sulphate dehydrates.  
The product was either classified as “Caution” or “Not classified as hazardous”. All the MSDS stated 
that the dust produced by gypsum board might cause potential health effects to the eyes, skin and 
respiratory systems. Any airborne dust concentrations could be kept below exposure limits using local 
and general exhaust ventilation and dust generation could be reduced using wet methods. The information 
also suggested that the users wear NIOSH approved dust mask or face mask, approved skin and eyes 
protective clothing when handling the drywall product. However, there is limited study to check on 
whether workers on a construction site are following the recommended instructions when they carry out 
the activities. Little study is known on whether the workers read the information and understand the risks. 
5.1. Information on building material 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Diagram of information on building materials 
There is a need for available and accessible information system on building materials that outlines the 
risks and safety precautions to highlight the effects to health and the environment. This is in response to 
the “Right-to-know” legislation that will enable stakeholders to prescribe a management system that is 
according to the stipulated regulations and acts to reduce risk.  
Information 
on Building 
Materials
Plan
Update Check
Control
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There are numerous building materials used and installed in construction, creating a large pool of data 
and information repository. The databases include chemical contents representing the hazardous 
characteristics. The information system may assist rapid search and retrieval of information needed. It 
may also be more efficient compared with a search in unstructured data system.  
Figure 5 shows that the information could assist in planning not only in management of building 
materials, but also in preventing any possible risks from exposure to hazardous materials. The existing 
materials or the new finishes will be checked (i) for the physical existence on site, (ii) the substances, and 
(iii) precautionary methods that could avoid any unforeseen problems during construction works.  
Certain control measures need to be implemented based from the recommendations by the product 
manufacturers. Finally, all information pertaining to the building materials will need to be updated based 
on the products requirements or the maintenance of the completed spaces. 
6. Conclusion 
Stakeholders in building construction such as contractors, consultants, clients, workers and even the 
occupants may only find out about the building products if they refer to reliable literature. Some studies 
suggested the professionals have limited knowledge on the contents of building materials. Data and 
information on building materials are still insufficient whilst some available information is difficult to 
understand.  
Reliable sources on building materials that could be easily understood and accessible to all are 
important to ensure the stakeholders are aware of the associated health issues that could also affect the 
environment. 
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